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論 文 内 容 要 旨
1●1跳troductioロ
Palmoilisamainedibleoilproducedintropicalregionsuch
asinSouthEastAsia.Worldpalmoilproductionreached11.$million
to皿esperannumin1990(FAO,1990)。Present1Y,90亀ofworldpalm
oilproductionisusedasedibleoil(Inform,1993).Palmoilis
availableintwoforms,:physicallyrefinedpalmoil{PRPO)and
chemicallyrefinedpalmoil(CRPO).BothPRPOandCRPOareusedworld
wideasedibleoil(FAO,1980-1990)thoughtheircomparative
nutritionaleffectsarepoorlyunderstood.
Dietarypalmoilhasbeenassociatedwithhypercholesterolemic
possibility(ParkandYetley,1990)duetoitshighsaturatedfatty
acidcontent(Hegstedetal.,1965;Keysetal.,1965)andpoorin
tacotrienols(Tan,1985;Ericson,1989;Qureshietal.,1986;Mclntosh
etal.,1992).Accordingly,studieshavebeendoneinhumans(Marzuki
etal.,1991)androdents(Imaizumietal.,1990).However,the
potentialaffectsonhealthduetoitslowa-linolanicacidcontent
arepoorlyunderstood.
Presently,threestudiestoknowtheeffectsofgalmoildiets
ontissuelipidsweredoneinrats.Thefirst,concernedwith
nutritionaldifferencesbetweenPRPOandCRPO.Thesecond,concerned
withthelowa-linolenicacidcontentinpalmoilanditspossible
effectsonrattissuelipids.Thethird,concernedwiththeminimal
requirementofa-linolenicacidinpalmoildiet.
II.Fsperiments
II.1.Nutritionaldifferencebetweenphysicallyrefinedpalmoil
andchemicallyrefinedpalmoil.
II.1.1.Backgroundandobjective
ThepreferencesofPRPOandCRPOaredifferentamongcountries;
inSouthEastAsiaandSouthAsiaPRPOisused,inJapanandEurope
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CRPOisused.Thereasonforsuchasituationisnotclear.This
studywasdonetoknowwhetherthesetwopa1皿oilsarenutritionally
equivalentornot.'
II.1.2.Experimentalprocedures
MaleSpragueDawlegrats(4-weekold)werekeptinPRPOandCRPO
dietsfortwomonths.Soybeanoil(SO)andcanolaoil(CO)dietswere
ascontrols.Thedietswerecomposedof(g/kgdiet):casein,200;DL-
methionine,3;cornstarch,150;sucrose,452;cellulosepowder,50;
oils(Table1),100∫A工N76Avitaminnix.,10FAIN76Aminera1憩ix.
(containingcholinebitartrate),35.
Bodyandorganweights,plasmalipidsandliverlipidswere
observed.Plasmatotalcholesterol,HDL-cholesterol,triglycerideand
phospholipid,GOTandGPTweremeasuredusingcommercialkits.Liver
triglyceride,phospholipidandtotalcholesterolweremeasured
enzymaticallyusingcommercialkits.Livera-tocopherolwasmeasured
byHPLC(Abeetal.,1976)whilePCOOHandPEOOHweremeasuredbyCL-
HPLCmethod(Miyazawaetal.,1992).
II.1.3Results
DifferencesinbodyandorganweightsbetweenPRPOandCRPOrats
alongfeedingperiodwerenotdifferent(Figure1).
Differencesin-plasmatotalcholesterol,HDL-cholesteroland
phospholipidcontentsandin一工iveτtotalcholesteroland
phospholipidcontentsbetweenPRPOratsandCRPOratswerenot
evident.PRPOratshadhighertriglycerideinliverbutlowerin
plasmathan-thoseofCRPOrats(Table2and3).Significant
differencebetweenPRPOratsandCRPOratsinliverPCOOH,PEOOH,・
TBARSandα 一tocop血erolcontentswerenotevide豆t(Table4).
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署.
ratswhichknownbytheappearanceof'22:5n-6fattyacid
lipidstocompensatethelackof22:6n-3
Thisstudywasdonetoknowweather22:5n-6fattyacid
appearsintissuelipidsofpalmoilfedrats,alongwiththedecrease
of22:6n-3.
II.2.EffectsofdietaryphysicallyrefinedBalmoiland
⊂血e皿icallyrefinedpa1皿oilontissuelipidsfattyacid
co皿positiOP・
II.2.1.Backgroundandobjective
a-Linolenicacid(18:3n-3)contentinpalmoilisbelowO.5mol
Lowintakeofn-3fattyacidleadton-3fattyaciddeficiencyin
intissue
jBourreetal.,1990,1992).
II.2.2.Experimentalprocedures
.Theconditionsofrats,compositionofthediets,thedietary
oilsandthecareofani皿alswereasinExperi皿entII.1.
Bloodplasma,liverandmuscletotallipidsweree$tractedwith
chlorofor皿:methano工(2:1V/V)(Miyazawaeta1.,1992).Redceユ1total
lipidwereextractedwithchloroform:isopropanol(7:IIV/V)(Roseand
OKlander,1965).工liverlipidsweτeanalyzedforphosphatidylcholine,
phosphatidylethanolamine,cholesterylesterandtriglyceridefatty
acidcomposition.Fattyacidswereseparatedbygaschromatography
andidentifiedbycomparingwithoriginalstandardsandbyGC-Mass
ana工ysis.
II.2.3.Results
PeaknollinFigure2wasfoundonlyintissuelipidsofPRPO
andCRPOrats.Thispeakwasidentifiedasthepeakof22:5n-6
(4,7,10,13,16-docosapentaenoicacid)becauseitsmassionwas344(the
sameasmassionofpeakno12;22:5n-3).Furthermore,additionof
fishoiltopalmaildietvanished22:5n-6but22:5n-3existed.The
22:5n-6fattyacidwasmainlyfoundinphospholipidfractionssuchas
phosphatidylcholineandphosphatidylethanolamine.
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Table5showeddistributionoffattyacidsinratsliver
phosghatidylethanolaminebutthiswasalsotypicalforbloodplasma,
redcellsandmusclelipids.The22:5n-6werefoundonly.inPRPｩ一and
CRPOgroups.Thehighest22:Sn-6contentswereobservedinliver
phosphatidylethanolamine(Table5).The22:6n-3contentsinPRPOand
CRPOgroupsweregenerally50$lowerthanthoseinSOandCOgroups.
Differencesbetweenliverghosphatidylethanolaminefattyacid
compositionofPRPOratsandtheseofCRPOratswerenetevident.
AlthoughPJSratioofthedietaryoilsweredifferent{Table1),
theP/Sratioofredcells,bloodglasma,liverandmusclelipidswere
notsignificantlydifferentamonggroups.
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II.3.Theminimum.requirementofsoybeanoilasthesourceof
α 一1inol㎝icacid、iロthe1}a1皿oildLiet
Ii.3.1.Backgroundandobjective
Dietarypalmoilcaused22:5n-6toriseintissuelipidsofthe
rat(Ezperiment工1.2.).Accordingly、blendofsoybeanoilasasource
ofa-linolenicacidinpalmoildietwouldprevent22:5n-6torisein
tissuelipidsoftherat.Inthisexperiment,effectsoffiveblends
ofsoybeanoilinpalmoildietsontheriseof22:5n-6intissue
lipidsofratswerestudied.
II.3.2.Experimentalprocedures
Theconditionsofrats(eightgroups),compositionofthediets,
andcareofanimalswereasinEzperimentII.1.butthedietaryoils
wereasshowninTable6.Theblendsofsoybeanoilinpalmoilwere
P90510,P80S20,P70S30,P60S40andP50S50inwhichPisstandforpalm
o」1ヱand5isstandforsoyカeaロ σゴ1麟Thus,P90S10isablendof10暑ρ6
soybeanoilinpalmoil.Lipidextraction,gaschromatographic
analysisandfattyacidsidentificationweredoneasinEzperiment
II.2.
II●3.3.Results』"
BodyweightsofP90S10ratsweresignificantlyhigherthant毎ose
◎fpa1皿oiユ(PO)rats.BodyweightsofP50S50ratsweresignificantly
higherthanthoseofsoybea11◎i1(SO)rats(Table7).
Thetrendtoincreaseordecreaseinfattyacidsasshownin
Table10wastypicalforthoseillredce1ユs,bloodplas皿a,聡eartand
retinallipidsasobservedin.thisstudy.The22:5n-6contentwas・
decreasedassoybeanoilcontentinpa1皿oilincreased,「rhiswasmost
evidentlyobservedatP70S3qfats,Inthisdietarygroup(P70S30)theタ
22:5n-6c◎ntentwassignifigaptlylowerthanthoseofPO,P90S10and
P80S20butnotdifferentfrbmP60S40andP50S50groups.
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Theincreaseof22:6n-3wasalsoobservedmostevidentlywhen
P70S30dietwasfed.Arachidonicacidcontentsdecreased
significantlyassoybeanoilcontentinpalmoilincreased.However,
thedecreasewasnotaseminentasthedecreaseof22:5n-6.
工nbraintotallipid,22:5n-6apPeared・inalldietarygroupsand
nodifferenceamonggroupswerefound.Thelevelof22:6n-3werealso
similaramonggroups(Table9).
Table6.Fattyacidcoepositionsofdietaryfats
Fatty
acids
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Thedietsrereformulatedtogiveanincreasingamountofa-linolenicacidcontent.
Howeverinthisraplinoleicacidcontentalsoincreased.
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III.Discussion
Therewerefourimportantfindingsinthisstudy.First,
physicallyrefinedpalmoilandchemicallyrefinedpalmoilwere
nutritionallyequivalentwhichcouldbeassociatedwiththeir
similarityinfattyacidcomposition.Peroxidevalueashighas4.9
meq/Kginphysicallyrefinedpalmoilgavenobigeffectsontissue
lipidsduringtwomonthsfeedingperiod.
Second,dietarypalmoilcaused22:5n-6toriseinredcells,
bloodplas皿a,1iver,muscle,heartandτetinaユ1ipidsbutnotin
brain.Bourreetal.(1992)havereportedthatDHAinbrainishighly
protected.Thepresenceof22:5n-6intissuelipidssuggeststhat
palmoildietmighthasapotentialofcausingn-3fattyacid
deficiency.Physiologicalsymptomsofn-3fattyaciddeficiencyhave
beenreportedonlyonoffspringsofmotherswhoreceivedn-3deficient
dietduringpregnancyandlactation(Bourreetal,1990).
Thirdly,additionofsoybeanoiltopalmoildietgradually
loweredorvanished22:5n-6intissues.Blendof30亀soybeanoilin
palmoilwouldpreventn-3fattyaciddeficiencyasshowedby
disappearingof22:5n-6andincreasingof22:6n-3contentsintissue
lipids.
Fourth,linoleicacidcontentinpalmoilmightalsonotsatisfy
therequirementofn-6fattyacidsforgrowthofrats.Physically
refinedpalmoilandchemicallyrefinedpalmoildietssuppliedonly
940mglinoleicacidper100gfoodintake.Theminimalrequirement
oflinoleicacidforratshasbeenreportedtobe1200mglinoleic
acidper100gfoodintake(Bourreetal.,1992).Mohrhauerand
H。1皿an(ユ963)havesuggested年・0-1・5魯ca1。rie。flin。1eicacidas
necessaryforoptimumbodygrowthofrats.Blendingof10%soybean
oilinpa1皿oildiet(1弛peri皿 甲tII。3)doubledthelinoleicacid
contentascomparedwithPOdiet.Asaresult,bodyweightofrats
feddietscontaining10暑soyb色anoilinpa】.moilwassignificantly
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higherthantherats
thesourceoffat.
feddietcontainingonlypalmoil(POdiet)as
IV.Generalconclusions.
1.Physicallyrefinedpalmoilandchemicallyrefined
palmoilarenutritionallyequivalentinrats.
2.Dietarypalmoilcauses22:5n-b
(4,7,10,13,16-docosapentaenoicacid)torisein
bloodplasma,redcells,liverandmusclelipidsof
therat.
3。Themini孤㎜requir㎝entofsoybeanoilasaso岨ceofα 一
linolenicinpalmoildietis30%(W/W)intherat.
4gFeedingdietscont弓ining10毛(W/W)palmoildonot
satisfytheminimalrequirementoflinoleicacid
intherat.
、'「
一294一
??
?
?
3.
Publications
駿臨 諾,語ξ鴇 燈 留鍍、書結溜、よ講 鮎 謡 調誰1
LipidsinRats.Elaeis,inpress.
EffectofPalmOilDieton4,7,10,13,16-DocoeapentaenoicAcid
ContentofBloodPlasma,RedCells,LiverandMuscleLipids
inRats.β ゴosσゴ.jBlo亡eσ血.β10σ血a醒.,inpress
巴舗 轟撫樒 、愚'㌔櫨9場 、懸 、3嚇癬1短C。ntents
preparation
一295一
論 文 審 査 の 要 旨
パーム油はアブラヤシの果実から得 られる油脂で」生産性が高いので近年著 しく増産され,現
在では大豆油に次 ぐ主要食用油脂 となっている。特に熱帯地方では,特殊な用途のヤシ油を除け
ぽパーム油が唯一の主要油脂資源であり,食用油としてもっぱらパーム油を使用 している人が多
い。パーム油の脂肪酸組成は,モ ノエゾ酸や飽和脂肪酸が多 く,必須脂肪酸のポリエン酸は少な
い。従来,パ ーム油の栄養価は高脂血症や動脈硬化症との関連か らのみ検討されてお り,長期摂
取時の必須脂肪酸供給源としての評価はなされていない。また,パ ーム果実は高い リパーゼ活性
を持つので,粗 パーム油は遊離脂肪酸を多 く含み,日本では通常の化学精製を行っているが,東
南アジアでは高温水蒸気蒸留による物理精製油がそのまま食用に供されてお り,その安全性の検
証は十分には行われていない。そこで本研究では,物理精製パーム油および必須脂肪酸供給源と
してのパーム油の栄養価を,ラ ヅトの長期飼育実験によって評価 した。
第1章 では,物理および化学精製パーム油の栄養価を,ラ ットの成長,臓器重量,脂 質組成等
から評価を行ったが,両 パーム油共成長が対照の大豆油よ り劣 った ものの,精 製方法による差
は,各種指標において全 く認められず,物理精製油は化学精製油に栄養的には劣らないことを見
出した。
第2章 では,パ ーム油の必須脂肪酸供給源としての評価を行 うため,各種臓器の脂質および脂
肪酸組成を,大豆油やナタネ油を投与 した場合と比較 した。その結果,パ ーム油投与群では肝
臓,赤 血球などの リン脂質中の ドコサヘキサエン酸(22:6n-3)が減少 し,n-3系 脂肪酸
欠乏時に認められるドコサペンタエン酸(22:5n-6)が増加 したので,n-3系 脂肪酸欠乏
状態にあることが明らかになった。第3章 では,n-3系 脂肪酸欠乏を防 ぐにはどの程度大豆油
を補えぽよいかを検討 し,30%の添加によりn-3系脂肪酸欠乏およびn-6系 脂肪欠乏による
成長遅延を防ぐことが可能なことを明らかにした。本研究は熱帯地方で汎用されるパーム油の栄
養価について,現在での製造方法や消費の実態に合わせて検討 したもので,パ ーム油を主食用と
する場合の問題点とその解決について貴重な知見を与えるもので,著者に博±(農 学)を 授与す
るに値すると判定 した。
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